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(57) ABSTRACT

A display device which can achieve compatibility between
the simplicity of the configuration or control of electronic
equipment and the maintaining of its high operability
includes: a display panel and a touch panel arranged on a front
surface side of the display panel as viewed from a viewer. The
touch panel includes one transparent substrate and a conduc-
tive pattern disposed on the substrate. A plurality of detection
areas in each of which a touch position can be detected are
provided in the touch panel. A non-detection area in which the
touch position is not detected is provided between two detec-
tion areas next to each other.

11 Claims, 6 Drawing Sheets
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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP 2011-007840 filed on Jan. 18, 2011, the con-
tent of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device, and more
particularly, to a technique effectively applied to a liquid
crystal display device having a touch panel arranged on a
liquid crystal display panel.

2. Description of the Related Art

Examples of display devices in the related art include a
display device having a man-machine interface called a touch
panel arranged on a display panel (hereinafter referred to as
display device with a touch panel). The display device with
the touch panel is being widely used for, for example, bank s
ATMs (Automatic Teller Machines), car navigation systems,
mobile-phone handsets, and the like.

The touch panel is generally disposed such that an area
thereof (hereinafter referred to as detection area) in which a
touch position can be detected when touched with predeter-
mined means (for example, a finger, a stylus, and the like)
overlaps a display area in a display panel. Therefore, a user
can operate electronic equipment having the display device
with the touch panel as if, for example, the user directly
touches an image, such as of a button, displayed on the dis-
play panel.

In the display device with the touch panel, all or part of
operation of electronic equipment having the display device
can be replaced with a combination of an image or video to be
displayed on the display panel and a touch position on the
touch panel. Accordingly, by using the display device with the
touch panel, the configuration or control of the electronic
equipment can be simplified compared to electronic equip-
ment operated using mechanical switches, such as membrane
switches, in the related art.

Further, examples of display devices with a touch panel in
recent years include a display device in which, for example, a
sheet provided with apart serving as a mark in operation, such
as a button, is arranged on a front surface of a touch panel for
improving operability of electronic equipment having the
display device (for example, refer to JP 11-327756 A).

SUMMARY OF THE INVENTION

In electronic equipment having a display device with a
touch panel in the related art, for example, mechanical
switches, such as membrane switches, are arranged outside a
display area, and an operation relating to a frequently used
function or a specific operation is assigned to the mechanical
switch in some cases. By doing this, for example, invoking of
a frequently used function or a specific operation can be
directly performed irrespective of contents displayed on a
display panel, improving operability.

However, when the mechanical switch is arranged, there
arises a problem that the configuration or control of the elec-
tronic equipment is complicated by the amount correspond-
ing to the arrangement.

Moreover, when the mechanical switch is arranged, a space
for arranging the switch is needed outside the display area.

10

15

20

25

30

35

40

45

50

55

60

65

2

Therefore, there arises a problem that the electronic equip-
ment is increased in size or the display area is narrowed.

Further, a pattern, such as a button or a concavity and
convexity, provided in the sheet in JP 11-327756 A varies
depending on, for example, operations performed using the
touch panel, in other words, depending on the kinds of elec-
tronic equipment. Accordingly, it is conceivable that the use
of such a sheet leads to a reduction in general versatility of a
display device with a touch panel.

It is an object of the invention to provide a display device
with a touch panel which can, for example, achieve compat-
ibility between the simplicity of the configuration or control
of electronic equipment and the maintaining of its high oper-
ability.

It is another object of the invention to provide a display
device with a touch panel which can, for example, suppress a
reduction in general versatility when being incorporated into
electronic equipment.

The above and other objects and novel features of the
invention will become apparent from the description of the
specification and the accompanying drawings.

A typical outline of the invention disclosed herein will be
described below.

(1) A display device includes: a display panel; and a touch
panel arranged on a front surface side of the display panel as
viewed from a viewer, wherein the touch panel includes one
transparent substrate and a conductive pattern disposed on the
substrate, a plurality of detection areas in each of which a
touch position can be detected are provided in the touch
panel, and a non-detection area in which the touch position is
not detected is provided between two detection areas next to
each other.

(2) Inthe display device according to (1), in all the plurality
of detection areas, the same detection system of the touch
position is adopted.

(3) In the display device according to (2), the detection
system is an electrostatic capacitive coupling system.

(4) In the display device according to (3), in each of the
plurality of detection areas, a first electrode and a second
electrode for generating an electric field are arranged on a
surface of the detection area, the planar shape and arrange-
ment rule of the first electrode and the second electrode are
the same in two detection areas of the plurality of detection
areas, and the first electrodes are electrically connected to
each other or the second electrodes are electrically connected
to each other.

(5) Inthe display device according to (3), the touch panel is
provided with a detection area in which a plurality of first
electrodes and a plurality of second electrodes for generating
an electric field are disposed together on a surface of the
detection area and a detection area in which one first electrode
and one second electrode for generating an electric field are
disposed.

(6) In the display device according to (1), there are two or
more detection systems of the touch position in the plurality
of detection areas.

(7) Inthe display device according to (1), the touch panel is
provided with a detection area overlapping a display area in
the display panel and a detection area not overlapping the
display area.

(8) In the display device according to (7), a light source
emitting light to the viewer side through the detection area not
overlapping the display area is arranged behind the detection
area as viewed from the viewer.

(9) In the display device according to (1), the touch panel
has an external connection terminal for inputting and output-
ting electric signals, and the external connection terminal is
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disposed in the non-detection area located between two
detection areas next to each other.

(10) In the display device according to (1), on a front
surface of the touch panel, a front window having a transpar-
ent substrate and a light-shielding film which has openings at
positions overlapping two or more detection areas of the
plurality of detection areas is arranged.

By using the display device according to the invention, it is
possible to achieve compatibility between the simplicity of
the configuration or control of electronic equipment having
the display device with the touch panel and the maintaining of
its high operability.

Moreover, the display device according to the invention
has high general versatility when being incorporated into
electronic equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic exploded perspective view showing
an example of a main portion in a display device with a touch
panel of a first embodiment.

FIG. 2 is a schematic side view of the display device with
the touch panel shown in FIG. 1.

FIG. 3 is a schematic plan view showing an example of a
touch panel in the display device with the touch panel of the
first embodiment.

FIG. 4 is a schematic plan view showing an example of a
touch panel in a display device with a touch panel of a second
embodiment.

FIG. 5 is a schematic side view of the display device with
the touch panel of the second embodiment.

FIG. 6 is a schematic plan view showing an example of a
touch panel in a display device with a touch panel of a third
embodiment according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the invention will be described in detail
together with embodiments with reference to the drawings.

Throughout the drawings for describing the embodiments,
constituents having the same function are denoted by the
same reference numerals and signs, and the repetitive
description thereof is omitted.

[First Embodiment]

FIGS. 1 to 3 are schematic views showing a schematic
configuration of a display device with a touch panel of a first
embodiment according to the invention.

FIG. 1 is a schematic exploded perspective view showing
an example of a main portion in the display device with the
touch panel of the first embodiment. FIG. 2 is a schematic side
view of the display device with the touch panel shown in FI1G.
1. FIG. 3 is a schematic plan view showing an example of a
touch panel in the display device with the touch panel of the
first embodiment.

FIG. 2 shows a side view along the yz plane in an xyz
orthogonal coordinate system shown in FIG. 1. FIG. 3 is a
plan view along the xy plane in the xyz orthogonal coordinate
system shown in FIG. 1. In the xyz orthogonal coordinate
system shown in FIG. 1, the xy plane is parallel with a display
surface (display area) in a display panel, and a viewer
observes the display device mainly from the +z-axis direction
side.

In the first embodiment, a liquid crystal display device
having a touch panel combined therewith is taken as an
example of a display device with a touch panel according to
the invention. In this case, the display device has, for example
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as shown in FIGS. 1 and 2, a liquid crystal display panel 1, a
backlight 2, a touch panel 3, a front window 4, and a printed-
wiring board 5.

The liquid crystal display panel 1 may be one of a so-called
transmissive liquid crystal display panel or a so-called semi-
transmissive liquid crystal display panel in the related art.
Therefore, in the specification, a specific description of the
configuration of the liquid crystal display panel 1 is omitted.

The backlight 2 arranged on a rear side of the liquid crystal
display panel 1 as viewed from the viewer may be, for
example, any one of backlights used for liquid crystal display
devices in the related art. Therefore, in the specification, a
specific description of the configuration of the backlight 2 is
omitted.

The touch panel 3 arranged on a front surface side of the
liquid crystal display panel 1 as viewed from the viewer has a
basic configuration similar to that of the related art and has
one transparent substrate and a conductive pattern disposed
on the substrate. However, the touch panel 3 of the first
embodiment has, for example as shown in FIGS. 1 to 3, two
detection areas, i.e., a first detection area AR1 and a second
detection area AR2 in one touch panel 3. Also the touch panel
3 has a non-detection area between the two detection areas
AR1 and AR2. The detection area is an area in which a touch
position can be detected when touched with predetermined
means (for example, a finger, a stylus, and the like), while the
non-detection area is an area in which a touch position cannot
be detected.

In the touch panel 3 of the first embodiment, a detection
system of a touch position is an electrostatic capacitive cou-
pling system (also referred to as electrostatic capacitive sys-
tem or analog capacitive coupling system), and in each of the
first detection area AR1 and the second detection area AR2,
first electrodes 301 and second electrodes 302 for generating
anelectric field on a surface of the detection area are arranged.

In this case, one first electrode 301 is composed of a plu-
rality of rhombus-shaped electrode portions and a plurality of
triangle-shaped electrode portions both of which are arranged
in a first direction (x-axis direction) and connecting portions
which connect (couple) them. Similarly, one second electrode
302 is composed of a plurality of rhombus-shaped electrode
portions and a plurality of triangle-shaped electrode portions
(or only triangle-shaped electrode portions) both of which are
arranged in a second direction (y-axis direction) and connect-
ing portions which connect them.

A specific configuration example (the arrangement rule of
the first electrode and the second electrode, and the like) and
a manufacturing method of a touch panel in which the first
electrode and the second electrode having such a planar shape
are arranged in the detection area are disclosed in, for
example, JP 2010-044435 A and JP 2008-310550 A. More-
over, the detection system of a touch position in the touch
panel 3 according to the invention is not limited to the elec-
trostatic capacitive coupling system but can be appropriately
selected. Therefore, in the specification, a description of the
specific configuration or detection principle of the touch
panel 3 is omitted.

Inthe touch panel 3 according to the invention as described
above, two kinds of detection areas, i.e., the first detection
area AR1 and the second detection area AR2 are disposed,
and the non-detection area is located between the two kinds of
detection areas AR1 and AR2. In this case, an external con-
nection terminal which inputs and outputs electric signals for
detecting a touch position in the first detection area AR1 and
an external connection terminal which inputs and outputs
electric signals for detecting a touch position in the second
detection area AR2 maybe independent of each other.
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However, in the touch panel 3 of the first embodiment as
shown in FIG. 3 for example, the second electrode 302 in the
first detection area AR1 and the second electrode 302 in the
second detection area AR2 are electrically connected through
an extended wire 303 to serve as a common electrode. Also in
this case, it is so configured that the first electrode 301 in the
second detection area AR2 is independent of the first elec-
trode 301 in the first detection area AR1, whereby electric
signals are input and output from different external connec-
tion terminals 304. By doing this, it is possible to reduce the
numbers of the external connection terminals 304 and the
wires to as few as possible, making it possible to suppress an
increase in area of the touch panel 3.

It is desirable that, for example as shown in FIGS. 1 to 3,
one detection area (the second detection area AR2) of the two
detection areas disposed in the touch panel 3 be made small
and disposed at an edge of a display area DA in the liquid
crystal display panel 1. By doing this, the second detection
area AR2 can be used for an operation button for, for example,
an operation relating to a frequently used function or a spe-
cific operation. Therefore, by displaying, for example, main
information in an area overlapping the first detection area
AR1 out of the display area DA of the liquid crystal display
panel 1 and displaying the button for invoking a frequently
used function or performing a specific operation in an area
overlapping the second detection area AR2, the invoking of a
frequently used function or the specific operation can be
directly performed from any state, improving operability.

In this case, the invoking of a frequently used function or
the specific operation is performed by touching the touch
panel 3. Accordingly, compared to, for example, a display
device with a touch panel in the related art in which mechani-
cal switches, such as membrane switches, are arranged
around the display area DA, the configuration or control is
simplified.

Moreover, when a plurality of operation buttons are dis-
posed in the second detection area AR2 in the touch panel 3,
a light-shielding film 401 having an opening at an area over-
lapping the first detection area AR1 and openings at areas to
be used as the operation buttons in the second detection area
AR?2 is disposed on the front window 4 arranged on the front
surface side of the touch panel 3 as viewed from the viewer as
shown in FIGS. 1 and 2 for example, whereby the positions of
the operation buttons can be easily recognized.

That is, by incorporating the display device with the touch
panel of the first embodiment into electronic equipment, it is
possible to achieve compatibility between the simplicity of
the configuration or control of the electronic equipment and
the maintaining of its high operability.

When the operation buttons are disposed in the second
detection area AR2, it is sufficient that the presence or
absence of touch in an area functioning as each of the opera-
tion buttons can be detected in the second detection area AR2,
and therefore, the area of the first electrode 301 and the
second electrode 302 to be arranged can be reduced. There-
fore, compared to a display device with a touch panel in the
related art in which mechanical switches, such as membrane
switches, are arranged around the display area DA, narrowing
the frame (reducing the area) can be easily achieved.

In the electronic equipment having the display device with
the touch panel of the first embodiment incorporated therein,
the operation contents corresponding to the operation buttons
in the second detection area can be changed by means of
software. Moreover, the positional relation between the first
detection area AR1 and the second detection area AR2 is not
limited the positional relation shown in FIG. 3 but can be
changed appropriately. Further, the position, planar shape,
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number, and the like of the detection area to be disposed for
use as an operation button, like the second detection area
ARZ2, can be changed appropriately. For example, the detec-
tion area can be disposed at each of the corners of the first
detection area AR1 or can be disposed so as to surround the
first detection area AR1. When a number of detection areas
for operation buttons are disposed, the area functioning as the
operation button can be changed by, for example, changing
the wiring of the printed-wiring board 5 to be connected to the
touch panel 3 or the pattern of the light-shielding film 401
disposed on the front window 4. Therefore, in the display
device with the touch panel of the first embodiment, it is
possible to suppress a reduction in general versatility when
being incorporated into electronic equipment.

[Second Embodiment]

FIGS. 4 and 5 are schematic views showing a schematic
configuration of a display device with a touch panel of a
second embodiment according to the invention.

FIG. 4 is a schematic plan view showing an example of a
planar configuration of the touch panel in the display device
with the touch panel of the second embodiment. FIG. 5 is a
schematic side view of the display device with the touch panel
of the second embodiment.

FIG. 4 shows the plan view along the Xy plane in the xyz
orthogonal coordinate system shown in FIG. 1. FIG. 5 shows
the side view along the yz plane in the xyz orthogonal coor-
dinate system shown in FIG. 1.

Also in the second embodiment, a liquid crystal display
device having a touch panel disposed therein is taken as an
example of a display device with a touch panel according to
the invention. In this case, the display device has, for example
as shown in FIG. 1, the liquid crystal display panel 1, the
backlight 2, the touch panel 3, and the front window 4.

The display device of the second embodiment differs from
that of the first embodiment in the configuration of the touch
panel 3. Therefore, in the second embodiment, only the con-
figuration of the touch panel 3 will be described.

Inthe touch panel 3 of the second embodiment as shown in
FIG. 4, the external connection terminals 304 are disposed in
the non-detection area located between the first detection area
AR1 and the second detection area AR2. In this case, since it
is sufficient that the planar shape and arrangement rule of the
electrodes in each of the first detection area AR1 and the
second detection area AR2 are those as described in the first
embodiment, the description is omitted in the second embodi-
ment.

Also in this case, the second electrode 302 in the first
detection area AR1 and the second electrode 302 in the sec-
ond detection area AR2 serve as a common electrode in which
they are electrically connected through one external connec-
tion terminal 304. Moreover, it is so configured that the first
electrode 301 in the second detection area AR2 is indepen-
dent of the first electrode 301 in the first detection area AR1,
whereby electric signals are input and output from different
external connection terminals 304.

When the touch panel 3 as described above is used, it is
necessary, for example as shown in FIG. 5, to overlay the
touch panel 3 such that the surface thereof on which the
external connection terminals 304 are disposed faces the lig-
uid crystal display panel 1. In this case, when it is assumed
that the first electrode 301, the second electrode 302, and the
external connection terminal 304 are stacked on the same
surface of a substrate in the touch panel 3, the first electrode
301 and the second electrode 302 are located between the
substrate in the touch panel 3 and the liquid crystal display
panel 1. Accordingly in this case, for example, the stacking
order of a conductive layer for shielding disposed on the
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substrate in the touch panel 3 and the first and second elec-
trodes 301 and 302 is reversed from that of the touch panel 3
of the first embodiment.

Moreover in the case of the touch panel 3 of the second
embodiment, the external connection terminal 304 can be
disposed on the opposite surface (rear surface) from that on
which the first electrode 301 and the second electrode 302 are
stacked by, for example, using a method such as disposing a
through-hole in the substrate. In this case, the stacking order
of'the conductive layer for shielding disposed on the substrate
in the touch panel 3 and the first and second electrodes 301
and 302 may be the same as that of the touch panel 3 of the
first embodiment.

In the case of the touch panel 3 of the second embodiment,
the second detection area AR2 for operation buttons can be
disposed at a position not overlapping the liquid crystal dis-
play panel 1 as shown in FIG. 5 for example. In this case,
when a light source 6, such as an LED, is arranged on the rear
side of the second detection area AR2 as viewed from the
viewer, the second detection area AR2 (operation buttons)
can shine, and therefore, for example, the positions of the
buttons are easily recognized.

Accordingly, also when the display device with the touch
panel of the second embodiment is incorporated into elec-
tronic equipment, it is possible to achieve compatibility
between the simplicity of the configuration or control of the
electronic equipment and the maintaining of its high oper-
ability.

Moreover, the display device with the touch panel of the
second embodiment can suppress a reduction in general ver-
satility when being incorporated into electronic equipment.
[Third Embodiment]

FIG. 6 is a schematic plan view showing an example of a
touch panel in a display device with a touch panel of a third
embodiment according to the invention.

FIG. 6 shows a plan view along the xy plane in the xyz
orthogonal coordinate system shown in FIG. 1.

The first and second embodiments describe, as an example,
the case where the planar shape and arrangement rule of the
electrodes in the first detection area AR1 are the same as those
of the second detection area AR2. However, when the second
detection area AR2 is used for operation buttons, it is suffi-
cient that the presence or absence of touch to an area to be
used as an operation button can be detected in the second
detection area AR2. Therefore, when the second detection
area AR2 is used for operation buttons, the detection accuracy
required for the second detection area AR2 is relatively low.
Accordingly, when the second detection area AR2 is used for
operation buttons, electrodes to be disposed in the second
detection area AR2 may be, for example as shown in FIG. 6,
a pair of triangular electrodes 305 and 306. Since the detec-
tion method using such a pair of triangular electrodes 305 and
306 has been well known, a description of a specific configu-
ration or detection principle of the second detection area AR2
is omitted in the specification.

When the planar shape and arrangement rule of the elec-
trodes are different between the first detection area AR1 and
the second detection area AR2 like the touch panel 3 of the
third embodiment, both the first electrode 305 and the second
electrode 306 in the second detection area AR2 are indepen-
dent of the first electrode 301 and the second electrode 302 in
the first detection area AR1.

Moreover, when the touch panel 3 of the third embodiment
is used, for example, an IC (Integrated Circuit) used for the
derivation of the coordinates of a touch position detects the
presence or absence of touch while alternately switching the
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detection in a short time between the first detection area AR1
and the second detection area AR2.

Accordingly, also when the display device with the touch
panel of the third embodiment is incorporated into electronic
equipment, it is possible to achieve compatibility between the
simplicity of the configuration or control of the electronic
equipment and the maintaining of its high operability.

Moreover, in the display device with the touch panel of the
third embodiment, it is possible to suppress a reduction in
general versatility when being incorporated into electronic
equipment.

When the shape of the electrode of the second detection
area AR2 to be disposed for operation buttons is triangular
like the touch panel 3 of the third embodiment, the electrode
can be reduced in size compared to the electrode composed of
the rhombus-shaped electrode portion and the triangle-
shaped electrode portion as described in the first embodiment
and the second embodiment. Therefore, the touch panel 3 of
the third embodiment can reduce its outer dimensions com-
pared to the touch panel 3 of the first embodiment or the
second embodiment.

Although a detailed description is omitted, it is of course
apparent that, also in the touch panel 3 of the third embodi-
ment, the positional relation between the first detection area
AR1 and the second detection area AR2, and the position,
planar shape, number, and the like of the second detection
area AR2 can be appropriately changed. Further, also the
position of the external connection terminal 304 can be appro-
priately changed, and it is of course apparent that the external
connection terminal 304 may be arranged between the first
detection area AR1 and the second detection area AR2 as
shown in the second embodiment (FIG. 4).

While the invention has been specifically described so far
based on the embodiments, the invention is not limited to the
embodiments. It is of course apparent that the invention can
be variously modified within a range not departing from the
gist thereof.

For example, in the embodiments, the case where the touch
panel 3 is combined with a liquid crystal display device (the
liquid crystal display panel 1) has been described as an
example of a display device with a touch panel according to
the invention. However, the invention is not limited to that. It
is of course apparent that the invention may be one obtained
by, for example, combining the touch panel with a self-emit-
ting display device using an organic EL. (Electro Lumines-
cence) material.

Moreover in the embodiment, an electrostatic capacitive
coupling system has been described as an example of the
detection system of a touch position in the touch panel 3.
However, the detection system of a touch position is not
limited to that. It is of course apparent that the detection
system may be another system.

While there have been described what are at present con-
sidered to be certain embodiments of the invention, it will be
understood that various modifications may be made thereto,
and it is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the
invention.

What is claimed is:

1. A display device comprising:

a display panel; and

atouch panel arranged on a front surface side of the display
panel as viewed from a viewer; wherein

the touch panel comprises one transparent substrate, a con-
ductive pattern disposed on the substrate, and a light-
shielding layer;



US 9,052,757 B2

9

a plurality of detection areas in each of which a touch
position can be detected are provided in the touch panel;

a non-detection area in which the touch position is not
detected is provided between two detection areas next to
each other out of the plurality of detection areas;

each of the two detection areas includes a plurality of first
electrodes and a plurality of second electrodes; and

the non-detection area includes a plurality of extended
wires, each of the plurality of extended wires in the
non-detection area connecting one of the plurality of
first electrodes in one of the two detection areas and one
of the plurality of first electrodes in the other of the two
detection areas.

2. The display device according to claim 1, wherein

in all the plurality of detection areas, the same detection
system of the touch position is adopted.

3. The display device according to claim 2, wherein

the detection system is an electrostatic capacitive coupling
system.

4. The display device according to claim 3, wherein

a planar shape and arrangement rule of the first electrode
and the second electrode are the same in the two detec-
tion areas of the plurality of detection areas.

5. The display device according to claim 1, wherein

there are two or more detection systems of the touch posi-
tion in the plurality of detection areas.

6. The display device according to claim 1, wherein

the touch panel is provided with a detection area overlap-
ping a display area in the display panel and a detection
area not overlapping the display area.
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7. The display device according to claim 6, wherein

a light source emitting light to the viewer side through the
detection area not overlapping the display area is
arranged behind the detection area as viewed from the
viewer.

8. The display device according to claim 1, wherein

the touch panel has an external connection terminal for

inputting and outputting electric signals, and

the external connection terminal is disposed in the non-

detection area located between the two detection areas
next to each other.

9. The display device according to claim 1, wherein the
light-shielding layer covers the non-detection area and has at
least an opening in the one of the two detection areas config-
ured as an operation button for the display device.

10. The display device according to claim 9, wherein a
transparent front window is arranged on a front surface side of
the transparent substrate of the touch panel, the light-shield-
ing layer being formed as a light-shielding film on a rear side
of' the front window facing the front surface side of the touch
panel.

11. The display device according to claim 10, wherein the
light-shielding film has one opening in the other of the two
detection areas and has a plurality of openings in the one of
the two detection areas corresponding to respective operation
buttons in the one of the two detection areas, the light-shield-
ing film covering the non-detection area between respective
openings wherein wires connecting one of the plurality of
first electrodes in the one of the two detection areas and one of
the plurality of first electrodes in the other of the two detection
areas exist.



